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ABSTRACT
The modular microsatellite concept developed by SSTL has been remarkably successful. It has been used on over
25 missions in the last two decades for a wide range of applications and customers. Its design philosophies are
discussed, which have permitted the design to evolve over time, and in particular has permitted space missions to
benefit quickly from the continuing development of emerging terrestrial commercial-off-the-shelf technologies.
Breakthrough technologies are discussed which have led to increases in capability and utility of small satellite
missions. Furthermore, it will be shown that the execution of frequent missions brings its own benefits in
providing a rapid feedback in the implementation of design improvements.
INTRODUCTION

Following the first space launch in 1957, satellites
rapidly grew increasingly large and enormously
expensive. Initially, the ‘space race’ was an effective
catalyst for the development of advanced technology as
the super-powers strove to out-do each other and gain
the advantageous ‘high ground’ of space - irrespective
of budget. However, as costs escalated and timescales
lengthened with satellites generally taking many years
to mature from concept to useful orbital operation, this
process limited access to space to only a relatively few
nations or international agencies.
Changing world politics and military emphasis in the
last decade has brought about a quiet revolution in
space. Pressure on space agency financial budgets has
increasingly meant that fewer (and bigger) satellites
have been commissioned and new ideas, technologies
and scientific experiments have found it difficult to
gain timely access to space.
The staggering developments in microelectronics,
stimulated increasingly by the consumer market rather
than military requirements, and the dramatic pace of
consumer product development, caused space
technology often to lag considerably behind that now
taken for granted on Earth. The combination of
reducing budgets for space and increasing capability of
low-power micro-electronics have enabled a new breed
of highly capable ‘smaller, faster, cheaper’ satellites to
realise many space missions - complementing the
conventional large satellite systems still necessary for
large-scale space science and communications services
to small terminals. Indeed, in the field of commercial
satellite communications, numerous constellations of
small satellites have been deployed to provide a range
of global services to hand-held terminals either for
real-time voice or non-real-time data.
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However, whether a particular satellite is '
large'or
'
small' depends somewhat upon viewpoint.
For
instance the ‘small’ satellites for the Iridium mobile
communications system weigh in at over 600 kg each −
whereas those in Store and Forward networks weigh
less than 50kg! In view of this potential for confusion,
the following classification [1] below has become
widely adopted, although in practice factors such as
mission cost and launch-to-orbit timescales may also
reflect departure from a typical small satellite
philosophy.

Small satellites
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Class
Large satellite
Medium-sized satellite
Mini-satellite
Micro-satellite
Nano-satellite
Pico-satellite
Femto-satellite
Table 1

Mass (kg)
> 1000
500 -1000
100 - 500
10 - 100
1 – 10
0.1-1
<0.1kg

“Modern microsatellites” only appeared in the early
1980’s, stimulated by the availability of cheap personal
computer technology including microprocessors, solidstate memories, and software tools. Microprocessors
permitted small, low-cost spacecraft to be launched in
the relatively benign Low-Earth-Orbit environment,
and to be tasked and operated out of range of the
ground stations. The terrestrial consumer electronics
market boomed, and it became possible to capitalise on
increasingly sophisticated and reliable Commercial
Off-The Shelf components. This allowed spacecraft to
be developed smaller, cheaper, and more rapidly than
before. This eventually turned out to be a major
paradigm shift in the space sector, and has since made
many missions and space applications economically
feasible.
Small satellites were soon utilised as technology
demonstrators, educational tools, and in small-scale
space/Earth science on limited budgets, but were also
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quickly adapted as capable tools in operational store
and forward communication systems. It is only
relatively recently though that the capability of modern
microsatellites has reached a performance threshold
which allows such spacecraft to execute both civil and
military operational missions very effectively, rapidly,
and at low cost and risk. Key ingredients in reaching
this capability were the development of full three-axis
control, navigation, propulsion, and compatible
payloads - all within highly restricted power, mass,
volume and budget constraints.
It is interesting to compare the progression of the
computer industry, which has moved on from the large
centralised mainframe facilities as shared resources in a
few institutes, to a distributed network of personal
computers with many individual users. A steady
progression of cheap small “personal” satellites has the
same potential to revolutionise the approach to space
missions. The personal computer market is now
characterised by systems with modular architectures
and plug-and-play elements and peripherals, and SSTL
recognised early on that such features can help bring
space users tailored missions both rapidly and within
small budget.
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Figure 1. Surrey Space Centre HQ in Guildford,
Surrey, UK
Surreys'first experimental microsatellites (UoSAT-1
and 2) were launched free-of-charge as '
piggy-back'
payloads through a collaborative arrangement with
NASA on DELTA rockets in 1981 and 1984
respectively. Since then, more than 20 low cost yet
sophisticated microsatellites have been placed in low
Earth orbit using Ariane, Tsyklon, Dnepr, Zenit,
Cosmos, Athena and Soyuz launchers for a variety of
international customers and carrying a wide range of
payloads.

MODULAR MICROSATELLITES

The University of Surrey has pioneered microsatellite
technologies since beginning its UoSAT programme in
1978, and this continues to this day. From very modest
experimental beginnings, its space-related research,
post-graduate teaching and international commercial
activities are now housed within a purpose-built Surrey
Space Centre - with over 220 academic and
professional staff and postgraduate research students.
The common purpose is to continue to “change the
economy of space” and programmes broadly aim to
achieve the following.
• Research into cost-effective small satellite
applications and technology.
• Demonstrate the capabilities of all classes of small
satellites.
• Catalyse commercial use of such satellites
• Promote space education and training
Over the last decade, Surrey has established an
international reputation as pioneers of innovative small
satellites in a uniquely combined academic research
teaching and commercial environment.
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Figure 2. Surrey micro-, mini and nanominisatellite missions in LEO
UoSAT-1 and 2 originally both used a rather
conventional structure - a framework ‘skeleton’ onto
which were mounted module boxes containing the
various electronic subsystems and payloads with a
complex 3-dimensional inter-connecting wiring
harness.
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‘Exploded' view of SSTL microsatellite structure
Each module box, houses individual microsatellite
subsystems – e.g. batteries, power conditioning, onboard data handling, communications and attitude
control. Payloads are housed either in similar modules
or on top of the platform alongside antennas and
attitude sensors as appropriate. Modularity extends to
electrical interfaces, with simple scalable power and
data handling systems. The concept also successfully
evolved into SSTL’s modular nanosatellite platform,
which employs a smaller physical standard, but
maintains mechanical and electrical compatitibility
with the microsatellite sub-systems.
Figure 3. The UoSAT-1 microsatellite (70kg, 1981)
Following UoSAT-1 and UoSAT-2 (in 1984), the need
to accommodate a variety of payload customers within
a
standard
(ASAP)
launcher
envelope
(400x400x600mm and 50kg), coupled with increased
demands on packing density, electro-magnetic
compatibility, economy of manufacture and ease of
integration, catalysed the development at Surrey during
1986 of a novel modular design [2] of multi-mission
microsatellite platform. Key design drivers included
modularity, scalability, and flexibility. This modular
microsatellite platform concept was a major
breakthrough, both from a technology and from a
business standpoint. The concept has been successfully
employed on all Surrey missions, and helps program
managers to build on a well-characterised core system,
and concentrate on just managing the changes induced
by the mission and payload. It has permitted each
mission to be quickly tailored to different payload and
missions requirements, and has permitted spacecraft to
proceed from order-to-orbit in as little as 12 months.
The SSTL modular microsatellite has no ‘skeleton’ but
rather a series of identical outline machined module
boxes stacked one on top of the other. On small
platforms this can form a body onto which solar panels
and instruments may be mounted.

The spacecraft power system employs maximum
power point tracking, and is also highly scalable.
Adding Battery Charge Regulators can match a wide
range of solar array configurations and capacities, and
power switching capacity is similarly dealt with by
tailoring the number of Power Conditioning Units and
Power Distribution units.
The final breakthrough technology in this concept was
the development away from the widely used centralised
telemetry and telecommand system, to a fully
distributed and scalable system based on the
automotive CAN bus in the mid 1990’s. The system
was used on all Surrey spacecraft since FASAT-Alfa in
1995. The CAN-based scalable TM/TC system [3]
removes the limitation on the number of telemetry and
telecommand channels, relies on local digitisation of
data, and permits low speed file transfers between any
two units. Most importantly, it offers a simple and
standard interface for new platform equipment or
payloads.
The CAN system is designed for use in harsh
environments, and on SSTL missions is typically
implemented as a redundant bus as illustrated in Figure
4. Each spacecraft sub-system contains an intelligent
CAN TM/TC node, and is connected available CAN
buses via redundant paths. Direct links are sparingly
used, and generally limited to uplinks, downlinks, and
computers, thereby reducing harness complexity.
Direct commanding of the spacecraft is possible over
the uplink. Telemetry can be requested from any node
on the CAN bus, and the CAN nodes in the power
system can be commanded to switch systems on/off at
the lowest level. Nodes can be bootloaded or upgraded
with software (e.g. on-board computers).
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Figure 4. Typical Data Handling configuration
On Board Computers are connected to the uplink and
downlink, and carry out higher-level TM/TC
functionality once the flight software has been loaded.
(e.g. command macros, whole-orbit data surveys).
Each node can act as a bus master when necessary, and
as each computer is connected to the CAN buses, the
concept of bus “master” is determined by software
only. The on-board TM/TC is implemented using a
dual redundant CAN bus, with distributed nodes. As
such the capacity for TM/TC is just limited by the
CAN bus bandwidth. Any device on the CAN bus can
issue commands, or request telemetry, allowing nodes
to deal with low level computation, and the on-board
computers with higher level tasks. The number of
computers that can be accommodated is therefore not
limited.
A Pulse-Per-Second (PPS) is generated by the GPS
receiver is used in conjunction with CAN time
messages to aid system synchronisation.

by a variety of building blocks to support mission
specific requirements such as propulsion or agility.
SSTL platform families are all underpinned by these
common avionics systems and building blocks,
providing a high degree of heritage, and proven
flexibility and scalability. Initial choice of a platform
for carrying out a particular mission does therefore not
restrict its growth in size and complexity unduly, and
permits late breaking mission changes to be
accommodated and implemented quickly and with
minimal risk.
SSTL now maintains a number of “standard” satellite
platforms, each of which can be considered as the basis
for new missions. As part of its strategy of addressing a
wide range of applications with its platform products, a
high degree of modularity and flexibility is included in
its avionics and sub-systems, so that new developments
and techniques can be readily transferred from one
platform and applied to another, as demand in size or
capabilities change with the markets. Principally, the
platforms can be categorised according to the mission
size
class
(i.e.
Picosatellite,
Nanosatellite,
Microsatellite, Minisatellite), and according to the
subset of avionics it employs. This is depicted in
Figure 6.
The Palmsat picosatellite [4] platform is under
development as a vehicle for on-orbit component and
technology validation, e.g. MEMS. The Surrey
Nanosatellite Application Platform (SNAP) can be
flown in single and dual redundant configuration, and
is increasingly becoming applicable for simple, rapidresponse, low-cost missions. The microsatellite
platform has been exploited extensively, and most
recently the enhanced microsatellite platform has
become the platform of choice for complex operational
application missions to be implemented on a small
platform. The Minisat platform employs the same
avionics, but demonstrates that missions using
microsatellite and nanosatellite technology can be
scaled to order of magnitudes higher power and mass
capabilities. Increasingly the Nanosatellite avionics
systems are being used within the enhanced
microsatellite platform in order to improve the mission
resources available to the payload. Although these
platforms are all based on “standard” configurations of
its avionics, in pre-phase-A mission studies it is
sometimes necessary to cater to particular mission
needs. Custom platform designs use existing avionics
in alternative or sometimes new configurations; for
instance when considering an interplanetary mission.

Since SSTL’s early adoption of CAN for space, a
number of other third party missions have followed
suit, including the European Space Agency’s SMART- The core suite of avionics then forms the basis for a
wide range of possible mission configurations (Figure
1 lunar mission.
5), with a well tried and tested heritage integrated
The latest adaptation of the modular microsatellite suite electronic solution, allowing system designers to focus
of avionics includes provision for Navigation, 3-axis on the new system requirements and configuration.
Attitude Control and Determination, and is supported
Sweeting
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verification, however wider applications such as space
science and Earth observation were slow to develop as
they required more sophisticated capabilities.
Emerging space nations, however, were quick to
recognise the benefits of entering the space-faring
community with an affordable, low-risk ‘first step’ via
an extremely inexpensive yet realistic microsatellite
programme.
The need to handle this growing interest, to catalyse
wider industrial and commercial applications, and to
generate regular income to sustain a research activity in
satellite engineering at the University of Surrey without
dependence on government funding, stimulated the
formation in 1985 of a University company - Surrey
Satellite Technology Ltd (SSTL). SSTL provides a
formal mechanism to handle the transfer of small
satellite technologies from the University’s academic
research laboratories into industry in a professional
manner via commercial contracts. Other than two
research spacecraft, all Surrey missions since UoSAT-5
were designed and built for individual commercial
customers.
The range of applications of microsatellites can be
demonstrated by reviewing recent examples of
payloads carried by the UoSAT/SSTL microsatellite
platform
Figure 5. Modular avionics can be readily adapted to a LEO Communications
wide range of missions.
In the 1980-1995 period, when email was not yet
widespread, small satellites in LEO were proposed in
constellation to provide worldwide communications
3
APPLICATIONS OF MICROSATELLITES
using only small portable terminals
The early SSTL missions demonstrated the potential
capabilities of microsatellites and generated With UoSAT-2, SSTL pioneered the digital Store and
considerable interest in applications such as digital Forward transponder, using a solid state data store for
store-and-forward file transfer and in-orbit technology the first time to store messages sent up to the
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Figure 6 Surrey platform families
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spacecraft, so that these could be downlinked to
groundstation
elsewhere
across
the
globe.
Subsequently SSTL supported the deployment of
HealthNet in the early 1990’s employing a
‘constellation’ of just two microsatellites, HealthSat-1
and 2, both built by SSTL for the network operator,
SatelLife (USA). It provided digital data store-andforward “email” capabilities for use with small, lowpower user ground terminals that can be located in
remote regions where existing the telecommunications
infra-structure is inadequate or non-existent.

gather imagery from its microsatellites. Because
cameras capture whole images in a single snap-shot,
they preserve scene geometry and are therefore
immune to the residual attitude drift experienced on
early microsatellites.
Many subsequent SSTL spacecraft have carried Earth
Observation instruments, and gradual improvements in
technology have allowed capabilities such as Ground
Sampling Distances to be improved. Several major
technology breakthroughs were necessary however to
enable these missions to become operational tools.
Progression in Ground Sampling Distance for SSTL missions
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Furthermore, the business community involved in
Figure 7. Evolution of GSD in Surrey Earth
developing such systems rapidly embraced small
Observation missions
satellite capabilities. The S/80T mission for instance
was procured specifically to examine the interference Firstly, the demand for higher resolution missions
characteristics of the VHF LEO frequency band, and drove the need for precise timing and navigation. The
early adoption of COTS GPS navigation receivers on
moved from proposal to launch, within 12 months!
board EO spacecraft was a major breakthrough,
Digital Store and Forward transponders are still used in allowing spacecraft with effective ground speeds in
excess of 6000m/s, to precisely determine the
the ORBCOMM data communications constellation.
spacecraft orbit, predict the over flight time of targets,
and precisely sequence the image capture. SSTL flew
Earth Observation
Conventional Earth observation and remote sensing the first GPS receiver on a microsatellite for
satellite missions are extremely costly - typically in autonomous navigation on PoSAT-1 in 1992, and has
excess of US$100m each - and thus there are relatively subsequently developed a robust line of its own
few such missions and the resulting data, whilst receivers to support its missions.

impressive, is correspondingly expensive.
The
development of high-density two-dimensional semiconductor Charge-Coupled Device optical detectors,
coupled
with
low-power
consumption
yet
computationally powerful microprocessors, presents a
new opportunity for remote sensing using inexpensive
small satellites.

UoSAT-1 and 2 both carried the first experimental 2DCCD Earth imaging cameras which lead to the
development of the CCD Earth Imaging System onboard UoSAT-5, intended to demonstrate the potential
of inexpensive, rapid-response microsatellite missions
to support remote sensing applications. The limited
mass, volume, attitude stability and optics that could be
achieved with early microsatellites meant that a
different approach had to be taken to produce
worthwhile Earth observation. SSTL employed
electronic cameras with 2-dimensional CCD arrays to
Sweeting
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Secondly, in order to provide a high-resolution mission
with a sufficiently wide swath width, linear CCD
technology would need to be used. As the instrument
Field Of View reduced, it also became necessary to
point he instrument, and to minimise spacecraft attitude
disturbances. This requirement drove the development
of precise, zero momentum bias three-axis control on
small satellites. SSTL has flown the first Microsatellite
(Tsinghua-1, 2000) and nanosatelite (SNAP-1, 2000)
with such capability, leading on to missions such as
TOPSAT and Beijing-1 with sophisticated ADCS
systems to provide precise geo-location and agility. [9]
The development of the final enabling technology was
driven by the desire to operate small Earth Observation
spacecraft in constellation. Single spacecraft are
inherently limited by orbital dynamics in their ability to
revisit the same target in a particular time. This revisit
20th Annual AIAA/USU
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time can be improved by using a group of multiple available power. Some LEO microsatellites
satellites spread evenly across an orbit in constellation. configurations offer up to 150W Orbit Average Power
The key additional requirement in order to achieve this (OAP), with the Giove-A satellite offering over 700W.
is a means of propulsion, so that the spacecraft can be
Surrey missions - wet mass
suitably stationed and maintained in their relative
positions. SSTL again was the first to successfully
700
deploy propulsion systems on microsatellites (DMC,
2001), after flight demonstrating several such systems
600
on UoSAT-12 (1999) and SNAP-1 (2000) [5, 6, 7].

The DMC concept is a unique breakthrough concept in
its own right, as it provides a mechanism for individual
spacecraft owners to reap the benefits of operating in a
constellation.
It employs a novel international
partnership led by Surrey, comprising a network of five
small satellites and ground stations. The DMC has
individual space segment owners to jointly provide
daily revisit to any point on the globe through the
consortium of owners. From a low Earth orbit, each
satellite offers 32-metre, multispectral imaging, over a
600 km swath width. The constellation offers dynamic
remote sensing services at high temporal resolution,
with the consortium agreeing to donate 5% of their
images to relief agencies.
The increase in capability driven by Earth Observation
applications, have permitted small satellites to become
increasingly interesting tools in security applications.
4

MISSION EVOLUTION

With over 25 spacecraft missions, and coming up to the
20th launch, it is interesting to review some of the
progression of technology of Surrey’s small satellite
product line. In particular, the progression of key on
board services such as data storage, downlink rate,
attitude control methods, and computers, show a steady
increase in overall capability.
Figure 8 and Figure 9 plot the mass and power
available on each mission. The average mass has
increased moderately, in order to accommodate more
sophisticated systems, and covers a range of over two
orders of magnitude between 6.5-650kg. Power
technology has also increased over time, with increased
solar array area, higher efficiency cells such as triple
junction GaAs, and deployable panels to maximise the
Sweeting
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All three of these technologies are employed on
Beijing-1 [8], the latest spacecraft to join the Disaster
Monitoring Constellation. The five spacecraft form an
operational system that provides access to anywhere
across the globe on a daily basis, with an emphasis on
ultra-wide area synoptic coverage. The spacecraft
normally support a variety of applications from crop
monitoring to deforestation, and act as unique assets as
part of the international charter for space based disaster
monitoring. Beijing-1 further supplements this
capability by providing high-resolution capability to
support both routine mapping and urban planning.
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Figure 9
There has also been a steady progression in
performance in Attitude control, illustrated in Figure
10.
Early missions were nadir pointing with
magnetorquer augmented gravity gradient control
resulting in a slow yaw spin. This provided a pointing
capability in the order of 1-3 degrees. More demanding
missions were later implemented with momentum bias,
providing effective 3-axis control with sub-degree
pointing. Surrey’s research mission UoSAT-12
provided a suitable testbed for the development of a
small satellite 3-axis control system, which was then
adopted throughout later missions where required.
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Finally, Figure 13 shows the evolution of primary and
secondary on-board computers used on Surrey
missions. It clearly highlights a practice commonly
employed to achieve redundancy through alternate
Figure 10
technologies, and achieve technology insertion. This is
The plots in Figure 11 and Figure 12 show the discussed further in the next section .
Computers
increases in payload data rates, and data storage – an
indicative measure of the scientific or commercial
value of the mission. It is interesting to note that
expected operational lifetimes for missions also
increased from 1 to 7 years over this period.
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LOW COST MISSION APPROACH

In order to achieve low cost space missions, it is not
only necessary to have low cost space segment, but
also to consider the cost of launch and the lifecycle
costs of the ground segment and operations. This
requires solving the technical challenges, as well as
adopting an effective project management framework
20th Annual AIAA/USU
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tailored to the realisation of a successful low-cost, of non-recurring documentation, analysis
sophisticated small satellite project.
qualification that needs to be performed.

These characteristics are best found in small companies
or research teams rather than large aerospace
organisations, who may find it difficult to adopt or
modify procedures necessary to produce affordable
small satellites using staff and structures that are
designed for conventional government aerospace
projects.

Figure 14. Elements of a low cost mission
SSTL controls the cost of spacecraft solutions by
optimum re-use of its designs, hardware and software
elements with appropriate and known track record. It
considers how these proven technologies can be best
utilised to meet new mission requirements. This
involves working closely with the mission user(s) to
help understand how requirements relate to cost, and
trade requirements such as payload specifications and
concept of operations. A delta-management approach
in then applied in order to focus on how new design
aspects can then be most effectively developed,
implemented and validated. The availability of the
flight proven integrated avionics suite and modular
building blocks are the key to this, reducing the amount
Sweeting
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SSTL averages nearly two spacecraft missions
launched every year (Figure 15), with a typical
timescale per mission between 12 to 24 months. This
provides a very rapid feedback path for engineers and
managers to verify the decisions they took during the
mission development, and helps develop highly
experienced teams. As Commercial Off The Shelf
Technologies are used extensively, experience with
previous known systems and components is invaluable,
and newly developed systems or components are
typically introduced in a redundant manner alongside
other well-known systems. This way, the system design
can evolve from mission to mission, increasing
performance, whilst still maintaining a high degree of
heritage and confidence. In most instances new units
will be prototyped and undergo suitable testing to
qualify these for flight use. For instance a Structural
Qualification Model may be used to validate a new
platform configuration. Typically however, there is a
large degree of re-use of previously flown hardware
and software, nd this can therefore be qualified through
heritage and simple comparative analysis. The
emphasis is then on validating workmanship and
functionality, rather than on design. Many elements of
the spacecraft are typically manufactured and
functionally tested, and the spacecraft systems are then
integrated as early as possible. This maximises the
available time and effort for validating the fully
integrated system end-to-end. It tests the spacecraft in
the manner in which it will be flown, and burns in the
constituent components to the point where weak
“early-life-failure” components can be identified. At
this point, many of the mission requirements are
verified – providing a significant saving in time and
effort over the more common industry approach of
stepwise and incremental qualifications. By the time
the spacecraft is shipped for launch, the key systems
will have been verified against their requirements, and
early-life failures will have been provoked and
repaired. Throughout, informal peer reviews are used at
low level, but at project level more formal design
reviews are used, with an emphasis on establishing
dispositions and mitigation plans for the top issues and
risks.
SSTL - launch rate
80
Time to wait (months)

The majority of the space industry is set up to serve the
institutional government market for large and complex
projects, and space projects with commercial objectives
are scarce. Affordable small satellites require a very
different approach to management and technology than
commonly used in the space industry, if cost,
performance and delivery targets are all to be met.
These objectives and trades are much more akin to a
typical business environment, and consequently several
attempts at taking a traditional aerospace organisation
to produce such satellites have failed because of the
rigidity of management structure and ‘mind-set’.
Small teams (25 persons), working in close proximity
with good communications, with well-informed and
responsive management, are essential.

and

Time to wait
# s/c per launch
Linear (Time to wait)

70
60
50
40

4
3
2

30
20

1

10
0

0
1

2

3

4

5

6

7

8

9 10 11 12 13 14 15 16 17 18 19 20
Launch #

20th Annual AIAA/USU
Conference on Small Satellites

Figure 15.
The ability to rapidly adopt and utilise CommercialOff-The-Shelf components can also be highly
beneficial, and needs to be supported by the
management approach. COTS have the potential to
achieve higher performance for lower power, mass or
volume, or cost. Furthermore, COTS are more readily
available, and there are indications that general
reliability of production line electronic components is
now as good, if not superior to the typically used MIL
spec components. Working with COTS [11,12]
requires good experience and understanding of the
space environment, how this affects materials and
components, so that this can be taken into account to
develop a robust design and system. Evaluation in a
representative environment (space if possible), and
burn-in are key. Surrey has successfully used, and
continues to use COTS extensively on all of its space
missions, clocking up over 150 orbit-years.
The cost of launch is often a significant part of the
mission, but piggyback, shared and primary launch
opportunity costs can be positively affected by design
decision in the space and ground segment. In particular
the decisions that affect the type of cleanroom,
propellant loading and support equipment required at
the launch site can have a significant affect on cost. So
can the requirements for a ground support network
specifically for the Launch and Early Operations
Phase.

Particular breakthroughs in technology over the past
two decades have been instrumental in changing small
satellites from a novelty, to a real tool in operational
space missions. It was the initial availability of desktop
PC technology that enabled modern small satellites to
become established. The initial development of the
digital Store and Forward transponder then rapidly
allowed small satellites to be used in mainstream
communications systems. The development of the
modular microsatellite was a major breakthrough,
which has permitted small satellites to achieve low
prices and rapid timescales. The development of
distributed TM/TC, navigation, three-axis control
capability has permitted small satellites to be
increasingly considered in highly capable Earth
Observation missions. The development of small
satellite propulsion systems has also permitted small
satellites to be used in constellations, addressing
missions requiring high temporal resolution. Surrey has
been at the forefront of development and exploitation
of all of these technologies, and has established itself
firmly as the international centre of excellence in
academic research, teaching and commercial
applications of small satellites.
Like the revolution in computing, which was led by the
sudden availability of cheap desktop computers, it is
anticipated that small low-cost satellites can have the
same impact on the space sector, by changing the
economies of space. Such spacecraft can make new
applications economically viable, and will help
commercialise the space sector, leading the “Personal
computer revolution” in space.

Similarly, the design choices in the ground segment
also affect mission cost. SSTL has traditionally used
commonly available COTS equipment [11] and 7
protocols, coupled with a high degree of autonomy for
routine tasks.
This framework for successfully achieving small
satellite missions is formalised through ISO-9000.
6

SUMMARY AND CONCLUSIONS

Small satellite missions have demonstrated over the
past two decades that they can play a useful role in
supporting a wide range of applications. Small
satellites offer a complementary role to traditional
'
large'satellites by providing an alternative '
gap-filler'
for affordable quick-response or exploratory missions
for both civil and military objectives. Developing
space nations have used rapid and inexpensive
microsatellite projects to act as the focus for effective
technology transfer and an affordable first step into
orbit. Increasingly however, small satellites are finding
a role in the mainstream of operational space systems,
in commercial communications, Earth Observation and
security applications.
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